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In the Claims 

^ A system for pumping or mixing a fluid in a vessel, comprising: 
a magnetic bearing for placement in the vessel; 
at least on^ superconducting element for levitating said 

magnetic bearing; 

a wall defining a Miamber around the superconducting element, 

said chamber thermally isolating the superconducting element from the 

vessel; 

a separate cooling source thermally linked to said 
superconducting element; 

a motive device for rotatin^said magnetic bearing or said 
superconducting element. 

2. The system for pumping or mixing a fluid according to claim 
1 , wherein the chamber is evacuated or insulated to minimize thermal transfer 
from said superconducting element to said wall and provide the desired 
thermal isolation. 

3. The system for pumping or mixing a fluid according to claim 
1, wherein said wall is the outer wall of a cryostat and said cooling source is 
a chamber in said cryostat holding a liquid cryogen. ^ 

rs 
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4. The system for pumping or mixing a fluid according to claim 
1, wherein said cooling source is a refrigerator. 



5. The system for pumping or mixing a fluid according to claim 
1, wherein said thermal linking is provided by a rod extending between said 
superconducting element and said cooling source. 

^5v The system for pumping or mixing a fluid according to claim 
1 , whereinskid levitating magnetic bearing further includes a first permanent 
magnet positionbd adjacent to said superconducting element but external to 
said wall. \ 

7. The sy stem ibr pumping or mixing a fluid according to claim 

6, wherein said magnetic bearing further includes a second permanent magnet 
spaced from said first permanent magnet for forming a magnetic coupling 
with a drive magnet forming a part of said motive device, whereby said 
magnetic coupling serves to transmit driving torque from said drive magnet 
to said magnetic bearing. \ 

8. The system for pumping or mixing a fluid according to claim 

7, wherein said motive device for said magnetic gearing includes a motor for 
rotating said drive magnet. \ 

v • 

9. The system for pumping or imwig a fluid according to claim 
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8, wherein said second permanent magnet includes at least two submagnets 
that correspond to opposite polarity submagnets forming a part of said drive 
magnet, whereby said cooperaljiri^ submagnets serve to stabilize said magnetic 
bearing during rotation. 



10. The system for pulping or mixing a fluid according to claim 
1, wherein said wall is below said m^ietic bearing and the vessel rests atop 
said wall. 



1 1 . The system for pumping or mixing a fluid according to claim 
1 5 wherein a gap is provided between said superconducting element and an 
inner surface of said wall of approximately 0.01 to 5 millimeters. 

12\ The system for pumping or mixing a fluid according to claim 
1 , wherein the vessel includes an inlet and an outlet and said rotating magnetic 
bearing includes afieast one blade for creating a pumping action that forces 
fluid to move from saicKnlet to said outlet. 



13. The system for puhyping or mixing a fluid according to claim 
1, wherein said vessel is completely scaled and said magnetic bearing serves 
to mix the fluid only. 



14. The system for pumping or mixing^a fluid according to claim 
1 , wherein the vertical center axis of rotation of the magnetic bearing is offset 



from the vertical carter axis of the vessel. 

1 5 . The system according to claim 1 , wherein the vessel is selected 
from the group consisting of an open-top container, a sealed container, a 
disposable container, a rigid container, a container having an inlet and an 
outlet, a hollow pipe and a flexible bag. 

16. The system for pumping or mixing a fluid according to claim 
1, wherein said superconducting element is supported by the wall defining 
said chamber, and wherein said chamber is in turn supported from a stable 
mounting structure by a bearing permitting rotational motion, said motive 
device rotating said wall and said superconducting element together. 

17. The system for pumping or mixing a fluid according to claim 
16, wherein the cooling source is a stationary container holding a cryogen, 
and the support for the superconducting element is provided by a thermal link 
rigidly connected to the wall and providing a dynamic thermal connection 
with the cooling source. 

18. The system for pumping or mixing a fluid according to claim 
16, wherein said motive device is a motor coupled to said wall by an endless 
belt, wherein said endless belt transfers the rotary motion produced by said 
motor to said wall to cause said superconducting element to rotate. 
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19. The system for pumping or mixing a fluid according to claim 
16, wherein said cooling source is coupled to and rotates with said wall. 

20. The system for pumping or mixing a fluid according to claim 
16, wherein the vessel is a centrifugal pumping head having an inlet 
substantially at the center of a vessel wall opposite the side of the pumping 
head positioned adjacent to said superconducting element. 

"^1. The system for pumping or mixing a fluid according to claim 
1 6, whereinssaid chamber housing said superconducting element is positioned 
below said magnetic bearing in said vessel. 

22. The system for pumping or mixing a fluid according to claim 
16, wherein the vessel ^supported by a stable support structure positioned 
between said superconducting element and said magnetic bearing. 

23. The system for pimming or mixing a fluid according to claim 
16, wherein the magnetic bearing incudes first and second magnets having 
different polarities to create a non-symirWical magnetic field with respect to 
an axis of rotation of said superconducting^slement. 

24. The system for pumping or mixing asfluid according to claim 
16, wherein the magnetic bearing includes at leasKone low-profile rod 
carrying first and second magnets, wherein said rod is capable of being 
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inserted in a relatively narrow opening in the vessel. 

25. The system for pumping or mixing a fluid according to claim 
16, wherein the magnetic bearing includes a pair of interconnected rods that 
are substantially orthogonal to each other in a nominal position with each rod 
carrying first and secondVnagnets having the same polarities. 

26. The system for pumping or mixing a fluid according to claim 
25, wherein the rods are pinned together and are thus capable of rotating about 
a common center, wherein the rods can be rotated to a partially folded 
position for insertion through a narrow opening in a container. 

27. The system for pumping or mixing a fluid according to claim 
25, wherein at least one of the rods is formed of a flexible material and is thus 
capable of being deformed during insertion in the relatively narrow opening 
in the vessel. 

28. The system for pumping or mixing a fluid according to claim 
1, wherein said motive device is positioned adjacent to and on the same side 
of the vessel as the superconducting element. 



29. The system for riUmping or mixing a fluid according to claim 
28, wherein said superconducpng element is annular and at least a portion of 
said motive device for rotating said levitating magnetic bearing is concentric 
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with anXadjacent to the annular superconducting element. 

30. The system for pumping or mixing a fluid according to claim 

29, wherein a pWion of the chamber defined by said wall is annular for 
receiving said annmar superconducting element. 

31. The systtem for pumping or mixing a fluid according to claim 

30, wherein said motive device includes a shaft carrying at least first and 
second driving magnets aryone end, said driving magnets being inserted in a 
thermally separated or isolated bore formed by said wall concentric with the 
annular chamber for housingWid superconducting element. 

32. The system for pfiji)lpping or mixing a fluid according to claim 
28, further including a platfoirii in said chamber for supporting the 
superconducting element, wherein t^e platform is thermally linked to the 
separate cooling source. 

33. The system for pumping or mixing a fluid according to claim 
32, wherein the thermal linking is provided by a rod extending from the 
cooling source to the platform for supporting the superconducting element. 



34. The system for pumping or mixing\a fluid according to claim 
32, wherein the chamber housing the superconducting element is evacuated 
and also houses a thermal link between the cooling source and the platform. 
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35. The sys\em for pumping or mixing a fluid according to claim 
28, wherein said moti\\ device includes a shaft carrying at least first and 
second driving magnets. 



36. The system for jumping or mixing a fluid according to claim 



prises: 

^tantially corresponding in size and 



10 



35, wherein said magnetic beankg coj 

a levitation magnetN 
shape to the superconducting eler 

at least two driven ^maknets having opposite polarities, said 
driven magnets being aligned with sal(i first and second driving magnets 
rotated by said motive device, 

whereby said levitation magAet levitates said bearing while said 
driven magnets transmit rotary motion fror^ said driving magnets to said 
magnetic bearing. 



37. The system for pumping or mixing a fluid according to claim 
28, wherein the cooling source is a container of a liquid cryogen or a closed- 
cycle refrigerator. 

38. The system for pumping or mixing a fluid according to claim 
37, wherein the cooling source is the liquid cryogen container and the 
chamber housing the superconducting element is evacuated and also houses 
the cooling source. 
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39. The system for pumping or mixing a fluid according to claim 
1, further including a transmitter for transmitting a signal or receiver for 
receiving the signal, and wherein either said magnetic bearing or the vessel 
includes one of the transmitter or the receiver and the other is positioned 
adjacent to said superconducting, element, wherein the operation of said 
motive device is restricted until thk signal generated by the transmitter is 
received by said receiver. 



40. The system for pumping or mixing a fluid according to claim 
28, wherein the vessel is a centrifugal pumping head having an inlet 
substantially at the center of a vessel wall opposite the side of the pumping 
head positioned adjacent to said superconducting element. 

41. The system fonpumping or mixing a fluid according to claim 
28, wherein the vessel is a pipe,/the wall defining the chamber for thermally 
isolating the superconducting^kraient is positioned inside of the pipe and 
includes a thermally separated^on isolated bore for receiving a driven shaft 
carrying a plurality of alternating polarity driving magnets forming a part of 
said motive device, said driving magnets magnetically coupling with a 
plurality of corresponding driven magnets in or on said magnetic bearing. 

42. The system for pumping or mixing a fluid according to claim 
1, wherein the vessel is a pipe, the superconducting element includes at least 
two superconducting members each thehnally separated or isolated from the 
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outeKsurface of the pipe, and said bearing includes at least two levitation 
5 magnetsKeach corresponding to one of said at least two superconducting 
members, whereby said magnetic bearing is levitated in said pipe as a result 
of the interaction between each said superconducting members and the 
corresponding levitation magnet. 

43. The system for pumping or mixing a fluid according to claim 

42, wherein said magnetic bearing further includes a plurality of alternating 
polarity driven magnetsA 

44. The system for pumping or mixing a fluid according to claim 

43, wherein the motive devica includes a bearing positioned outside of said 
pipe for rotatably supporting a driving magnet assembly carrying a plurality 
of alternating polarity driving magnets, a motor, and an endless belt for 

5 transmitting rotary motion from saici motor to said driving magnet assembly, 
wherein the driving magnet assembly upon rotating creates a varying 
magnetic field that influences said driven magnets and causes said magnetic 
bearing to rotate. \ 

45. The system for pumping or mixing a fluid according to claim 
43, wherein the motive device includes a winding positioned external to said 
pipe and a power supply for supplying an electrical current to said winding, 
wherein said winding creates an electrical field that causes said levitating 

5 magnetic bearing to rotate in said pipe. 
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46. The\system for pumping or mixing a fluid according to claim 
1, wherein said bearing includes at least one levitation-assist chamber for 
holding a substance that is lighter than the fluid in said vessel, whereby the 
chamber assists in levitating the magnetic bearing in the fluid. 



47. The system fdr pumping or mixing a fluid according to claim 
1, wherein the motive device rs a first motive device, and further including a 
second motive device for moviirg the superconducting element relative to the 
vessel, whereby effective, non-localized pumping or mixing action may be 
provided by the magnetic bearing afc a result. 



48. The system for pumping or mixing a fluid according to claim 
47, wherein the second motive device is a linear motion device. 



49. The system for pumping or mixing a fluid according to claim 
47, wherein: 

said superconducting element is supported by the wall defining 
said chamber, and wherein said chamber is in turn supported from a stable 
mounting structure by a bearing permitting rotational motion, said motive 
device rotating said wall and said superconducting element together; 

said first motive device is a motor coupled to said wall by an 
endless belt, wherein said endless belt transfers the rotary motion produced 
by said motor to said wall to cause said superconducting element to rotate; 
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and 



wherein the second motive device includes a support structure 



for supporting the wall, the stable mounting structure, and the motor and a 
linear motion device for moving the support structure to and fro relative to the 
vessel. 



0. A wstem for mixing a fluid, comprising: 
a vessel for holding the fluid; 
a magnetic bearing for positioning in said vessel; 
a superconducting element; 

a housing defining a chamber around said superconducting 
element for thermally isolatmg said superconducting element from said 
vessel; \ 

a cooling source thetmally linked to said superconducting 
element; and \ 

a motive device for rotating said magnetic bearing or said 
superconducting element. \ 

51. The mixing system according to claim 50, wherein said 
chamber surrounding said superconducting element is evacuated to minimize 
thermal transfer to said housing and provide the desired thermal isolation. 




52. The mixing system according to claim 50, wherein said vessel 
includes an inlet and an outlet anchsmd magnetic bearing further includes at 
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least one blade oAvane for creating a pumping action that forces fluid to move 
from said inlet to said outlet. 

53. The mixing system according to claim 50, wherein said vessel 
is completely sealed from the outside environment. 

54. vThe mixing system according to claim 50, wherein said vessel 
and magnetic bearing are disposable. 




A systefh for pumping or mixing a fluid in a vessel positioned 
on a stable support structure, comprising: . 

a magnetic bearing for placement in the vessel; ^ — 

at least one superconducting element for levitating said 
magnetic bearing; 

a cooling source thermally linked to said superconducting 
element in said chamber; 

a motive device for rotating s^i4 superconducting element. 

56. The system for pumping or mixing a fluid according to claim 
55, further including a/^allj defining a chamber for thermally isolating the 
superconducting el^ent,/&dVherein said wall and chamber are rotated 
along with the superconducting element. 

57. The system for pumping or mixing a fluid according to claim 
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56, wherein a thermal link to said cooling source extends at least partially 
through said chamber and directly supports the superconducting element, 
said wall defining said chamber is supported by a bearing permitting 
rotational motion,\said motive device is a motor coupled to said chamber by 
an endless belt, and \aid endless belt transfers the rotary motion produced by 
said motor to said wall and said thermal link to rotate the superconducting 
element. \ 

58, The system for pumping or mixing a fluid according to claim 
56, wherein said cooliW source contains a liquid cryogen and is attached to 
and rotates with said wat^and chamber. 

59v The system for pumping or mixing a fluid according to claim 
56, wherein siaid chamber housing said superconducting element is positioned 
below said magitoic bearing in said vessel. 

60. The system for pumping or mixing a fluid according to claim 
55, wherein said magnetic bearing includes at least one blade or vane, 
whereby said blade or vane provides the desired pumping or mixing action 
when the bearing is rotated. \ 

6 1 . The system for pumping qr mixing a fluid according to claim 
55, wherein said vessel is a centrifugal pureeing head having an inlet and an 
outlet, wherein the rotation of said magnetic^earing causes the fluid to move 




from the inlet to the outlet. 
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62. The system for pumping or mixing a fluid according to claim 
61, wherein the inlet is in a vessel wall of the pumping head opposite a side 
of the pumping head adjacent to the superconducting element. 

63. \The system for pumping or mixing a fluid according to claim 
55, wherein theVessel is supported by a stable support structure positioned 
between said superconducting element and said magnetic bearing. 

64. The system for pumping or mixing a fluid according to claim 
55, wherein the magnetic bearing includes first and second magnets having 
different polarities to create a Von-symmetrical magnetic field with respect to 
an axis of rotation of said superconducting element. 

65. The system for pumping or mixing a fluid according to claim 
55, wherein the vessel is selected from the group consisting of an open-top 
container, a sealed container, a container having an inlet and an outlet, a 
disposable container, a rigid container, a pipe, and a flexible bag. 

66. The system for pumping or mixing a fluid according to claim 
55, wherein the magnetK^bearing includes at least one low-profile rod 
carrying first and second magnets having the different polarities, said rod 
being capable of insertion in a relatively narrow opening in the vessel. 
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67. The system for pumping or mixing a fluid according to claim 
55, wherein the magnetic bearing includes a pair of interconnected rods that 
are substantially orthogonal to each other in a nominal position, each carrying 
first and second magnets naving the same polarity. 

68. The system for pumping or mixing a fluid according to claim 
67, wherein the rods are pinned together and are thus capable of rotating 
about a common center, wherein the rods can be rotated to a partially folded 
position for insertion through a narrow opening in a container. 

69. The system for pumping or mixing a fluid according to claim 
67, wherein at least one of the rods is formed of a flexible material and is thus 
capable of deforming for insertion in the relatively narrow opening in the 
vessel. 

70/ Asy stem for pumping or mixing a fluid in a vessel, comprising: 
' a ma^qetic bearing for placement in the vessel; 

a supercohducting element for levitating said magnetic bearing; 
a wall defmin^a chamber around the superconducting element, 
said chamber thermally isolatihg the superconducting element from the 
vessel; \. 

a separate cooling soufc^e thermally linked to said 
superconducting element; \. 

a motive device for rotating said mimetic bearing, wherein at 
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least a portion of said motive device is positioned adjacent to and concentric 
with the superconducting element. 

7 1 . The system for pumping or mixing a fluid according to claim 70, 
wherein said superconducting element is annular and at least a portion of said 
motive device is position in a center opening of the annular superconducting 
element. 

72 . The system for pumping or mixing a fluid according to claim 7 1 , 
wherein a portion of the chamber defined by said wall is annular for receiving 
said annular superconducting element. 

73 . The system for pumping or mixing a fluid according to claim 72, 
further including a pMform in said chamber for supporting the 
superconducting element, wherein the platform is thermally linked to the 
separate cooling source. \ 

74. The system for pumping or mixing a fluid according to claim 73 , 
wherein the chamber housing the superconducting element is evacuated and 
also houses a thermal link from the cooling source to the platform supporting 
the superconducting element. 

75 . The system for pumping or mixing a fluid according to claim 70, 
wherein the cooling source is a container of a liquid cryogen or a closed-cycle 



refrigerator. 



76. The system for pumping or mixing a fluid according to claim 75, 
wherein the cooling source is a liquid cryogen container and the chamber 
housing the superconducting element is evacuated and also houses the cooling 
source. 

N(7 . The system for pumping or mixing a fluid according to claim 70, 
wherein said motive device includes a shaft carrying a plurality of alternating 
polarity driving magnets corresponding to a plurality of driven magnets on 
said magnetic beafcmg, said driving magnets being received in a thermally 
separated or isolated bore formed by the wall defining the chamber around said 
superconducting elementX 

78. The system for pumping or mixing a fluid according to claim 77, 
wherein said magnetic bearing conWises: 

a levitation magnet corresponding in size and shape to the 
superconducting element; \ 

at least two driven magnets having opposite polarities, said 
driven magnets being aligned with the corresponding driving magnets of said 
motive device, \ 

whereby said levitation magnet levitatesysaid bearing while said 
driven magnets transmit rotary motion to said bearing^from said driving 
magnets. 
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79. The system for pumping or mixing a fluid according to claim 78, 
wherein said levitation magnet is annular. 



80. The systenrabr pumping or mixing a fluid according to claim 70, 
herein said magnetic beating carries at least one blade or vane. 



8 1 . The system for pumping or mixing a fluid according to claim 70, 
wherein said chamber is evacuated or filled with an insulating material. 

82 . \The system for pumping or mixing a fluid according to claim 70, 
^/wherein the vessbl is a pipe, the wall defining the chamber thermally isolating 

the superconducting element is positioned inside of said pipe and includes a 
thermally separated or isolated bore for receiving a driven shaft carrying a 
plurality of alternating polarity driving magnets forming a part of said motive 
device and magnetically coupling with a plurality of corresponding driven 
magnets in or on said magnetic baring. 



A system for pumping or mbdng a fluid in a vessel, comprising: 

a magnetic bearing for placement in the vessel; 

at least one superconducting element for levitating said magnetic 




bearing; 



a wall defining a chamber around the superconducting element, 
said chamber thermally isolating the superconducting element from the vessel; 
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a separate cooling source thermally linked to said 
superconductingvelement; 

a first motive device for rotating said magnetic bearing or said 
superconducting element; 

a second inotive device for moving the superconducting element 
relative to the vessel, \ 

whereby moVing the superconducting element ensures that 
effective, non-localized pumping or mixing action is afforded by the levitating, 
rotating bearing. \ 

84. The system for pumping or mixing a fluid according to claim 83, 
wherein the second motive device is a linear motion device for moving the 
superconducting element to and fro. 

85 . The system for pumping or mixing a fluid according to claim 83 5 
wherein: 

said superconducting element is supported by the wall defining 
said chamber, and wherein said chamber is in turn supported from a stable 
mounting structure by a bearing permitting rotational motion, said motive 
device rotating said wall and said superconducting element together; 

said first motive device is a motor coupled to said wall by an 
endless belt, wherein said endless belt transfers the rotary motion produced by 
said motor to said wall to cause said superconducting element to rotate; and 

wherein the second motive device includes a support structure 
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for supporting the wall, the stable mounting structure, and the motor, and a 
linear motion device for moving the support structure to and fro relative to the 
vessel. 



An^assembly for use in containing a fluid undergoing a pumping 
or mixing operation, comprising: 

a vessel formed of a flexible disposable material capable of 
holding the fluid; and\ 

a levitatink magnetic bearing positioned in said vessel, 
whereby satd magnetic bearing is levitated in the vessel and can 
be disposed of along with said vessel when said pumping or mixing operation 
is complete. 



87. The assembly /according to claim 86, wherein the vessel is 
selected from the group consisting of an open-top container, a pipe, a container 
having an inlet and an outlet, a sealed container, and a bag. 



88. The assembly according to claim 86, further including a rigid or 
semi-rigid support container for receiving and providing support for said 
flexible vessel. 



89. The assembly according to claim 86, further including an 
attachment for placement over the flexible container carrying a coupler for 



coupling with the magnetic bearing prionto use. 
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A system for pumping or mixing a fluid, comprising: 
a vessel capable of holding the fluid; 

a levitating magnetic bearing positioned in the vessel, said 
bearing capable of being rotated in a non-contact fashion to create the pumping 
or mixing action; 

a controlled for controlling the rotation of said magnetic bearing; 

a transmitter for generating a signal; and 

a receiver fon receiving the signal generated by the transmitter; 

wherein one of said vessel or said bearing carries the transmitter 
for generating the signal or tjje receiver for receiving the signal generated by 
the transmitter, and whereiiLs^j d controller prevents said bearing from rotating 
until an appropriate signal As received by the receiver. 
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91. / A kit for assisting in the set-up of a fluid pumping or mixing 
system wnerein a magnetic bearing including at least one levitation magnet is 
levitated in a vessel by a superconducting element in communication with a 
cooling source for cooling the superconducting element to a transition 
temperature during a field cooling process, comprising: 

at least one charging magnet substantially corresponding in size, 
shape, and magnetic field distribution to the at least one levitation magnet of 
the magnetic bearing, wherein the charging magnet is placed over the 
superconducting element during cooling to create a magnetic field, whereby 
the presence of the magnetic field during cooling serves to charge the 
superconducting element for levitating the magnetic bearing in the vessel. 



95 



92. The kit according to claim 91, further including a plurality of 
charging magnets, each corresponding in size, shape, and magnetic field 
distribution to the at least one levitation magnet in one of a plurality of 
magnetic bearings for use in th^uiflpipg or mixing system. 



93. The kit according to cimm 91, further including a spacer for 
spacing the charging magnet from the superconducting element at a 
predetermined level, wherein this spacing serves to define a levitation height 
of the magnetic bearing above the superconducting element during field 
cooling. 



bearing; 



system for pumping or mixing a fluid in a vessel, comprising: 
a magnetic bearing for placement in the vessel; 
at leasfcone superconducting element for levitating said magnetic 



a separate N^ooling source thermally linked to said 
superconducting element; 

a motive device for rotating one of said magnetic bearing or said 
superconducting element, 

wherein said bearing indues at least one levitation-assist 
chamber for holding a substance that is lighte^sjhan the fluid in said vessel, 
whereby the chamber assists in levitating the maghqtic bearing in the fluid. 
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95 . The system for pumping or mixing a fluid according to claim 94, 
wherein said substance is air. 

96. The system for pumping or mixing a fluid according to claim 94, 
wherein said levitating magnetic bearing further includes a first permanent 
magnet positioned adjacent to said superconducting element and a second 
permanent magnet spaced from said first permanent magnet for forming a 

5 magnetic coupling with a drive magnet forming a part of said motive device, 
wherein a levitation-assist chamber is provided on each of said magnetic 
bearings. 

97 . The system for pumping or mixing a fluid according to claim 96, 
wherein a shaft is provided for coupling said first and second permanent 
magnets together, wherein a levitation-assist chamber is provided around at 
least a portion of said shaft. 



98. A cryostat for keeping an annular superconducting element 
thermally isolated from^the ambient environment, comprising: 

an outer wall defining an annular chamber for housing the 
annular superconducting elehi&it, said annular chamber being evacuated or 
5 insulated to thermally isolate tfl& superconducting element from the wall. 

99. The cryostat accordingly claim 98, wherein the wall defining 
said annular chamber also defines a thVmally separated and isolated bore, 
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whereby said bore has an upper wall for supporting a fluid containing vessel 
adjacent Unsaid cryostat and an open end for receiving at least a portion of a 
motive device for rotating a magnetic bearing carried in the vessel. 

100. The cryostat according to claim 98, further including a second 
evacuated or insulated chamber for housing a thermal link to the 
superconducting element from a cooling source. 

101. The cryostat according to claim 99, further including a third 
chamber for housing the cooling source. 



102. The cryostSj 
and third chambers are j 
single vacuum source. 



according to claim 99, wherein the first, second, 
fluid communication and may be evacuated by a 




103. A magnetic bearing for use in a pumping or mixing system 
having an annular superconducting element and a concentric motive device 
including a plurality of driving magnets, comprising: 

an annular levitation magnet for positioning adjacent to and in 
substantial alignment with the annular superconducting element; 

a plurality of permanent driven magnets positioned in the 
opening in said annular levitation magnet, whereby said driven magnets align 
and magnetically couple with the driving magnets of said motive device. 
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k A magnetic bearing for levitating and rotating adjacent to a 
superconducting element to pump or mix a fluid held in a vessel having a 
relatively nd^row opening, comprising: 

\at least one elongated rod carrying first and second levitation 
magnets, saidVod having a length that exceeds a major dimension of the 
opening in the vessel, 

srein said rod is capable of being inserted in the relatively 
narrow opening imthe vessel and moving to a position where the magnets are 
in substantial alignment with the superconducting element. 
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105. The bearing according to claim 104, wherein the rod is formed 
of a flexible material and is thus capable of being deformed during insertion 



in the relatively narrow I 



V/ 



ening in the vessel. 



1Q£^A magr^tic \earing for levitating and rotating above a 
superconducting element to pump or mix a fluid held in a vessel having a 
relatively narrow opening, comprising: 

a pair of interconnected, elongated rods positioned substantially 
orthogonal to each other in a nominal position, each carrying first and second 
levitation magnets having the same polarity, each said rod having a length that 
exceeds a major dimension of said opening; 

wherein at least one of said rods is capable of being folded for 
passing through the relatively narrow opening in the vessel and moving to a 
position where the levitation magnets are in substantial alignment with the 
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superconducting element. 



1 07. The Bearing according to claim 1 06 5 wherein the rods are pinned 
together and are thus capable of rotating about a common center, wherein the 
rods can be rotated to a partially folded position about the pinned connection 
for passing through amarrow opening in a container. 



1 08. The bearing according to claim 1 06, wherein the rods are rigidly 
coupled together and at least one of the rods is formed of a flexible material, 
whereby the flexible rod\is capable of being deformed for passing through 
relatively narrow opening in the vessel. 
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109f A system for Aa/itating a magnet, comprising: 
at least one superconducting element; 

a cooling source thermally linked to the superconducting 
element, said cooling source cooling the superconducting element to a 
transition temperature in the presence of a magnetic field to induce levitation 
in the magnet; 

a heater for warming skid superconducting element to above the 
transition temperature such that the superconducting element may again be 
cooled in the presence of the same or a different magnetic field to induce 
levitation in the same or a different magnet. 



110. The system according to cfcim 109, wherein the heater is an 
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electric coil positi^Epd adjacent to the superconducting element and in 
communication witffii power supply. 




1. A method of levitating and rotating a magnetic bearing for 
pumping or mixing a fluid, comprising: 

placing the magnetic bearing in the vessel; 
levitating the magnetic bearing above a superconducting element 
positioned in an evacuated or insulated chamber adjacent to the vessel and 
thermally linked to a separate cooling source; and 

rotating the magnetic bearing in the vessel. 



112. The method according to claim 111, further including the steps 
of placing said magnetic bearing in the vessel prior to filling the vessel with 
a fluid, and after mixing or pumping is completed, disposing of said magnetic 
bearing and vessel. 




113. The method according to claim 112, including the step of 
completely sealing the vessel prior to\otating said magnetic bearing. 



114. The method according to^laim 111, wherein the magnetic 
bearing includes at least two magnets having different polarities to create a 
non-symmetrical magnetic field relative to an^axis of rotation, and said step of 
rotating the magnetic bearing includes rotating the superconducting element 
to cause said magnetic bearing to rotate about said axis. 
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115. The method according to claim 111, wherein the vessel is a 
flexible bag for c&itaining the fluid, and the method further includes placing 
the bearing in the flexible bag prior to filling the bag with the fluid. 

\)&\^k method of levitating and rotating a magnetic bearing for 
pumping or mixing a fluid, comprising: 

■A \ 

placing a magnetic bearing carrying first and second magnets 
haying different polarities \o create a non-symmetrical magnetic field in a 
vessel; 

, v levitating the Magnetic bearing in the vessel using a 
superconducting element; 

rotating the supenipnducting element to induce rotation in the 

bearing. 



17. A method of levitating and rotating a magnetic bearing for 
pumping or mixing a fluid, comprisir 

placing a magnetic bearing in the vessel; 
^ ' levitating the magnetic\ bearing in the vessel using a 

superconducting element; 

rotating the magnetic bearink using a driving magnet positioned 
adjacent to and concentric with the superconducting element. 



lie. A method of charging a s 




irconducting element for levitating 
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a magnetic bearing in a vessel, comprising the steps of: 

placing a charging magnet corresponding to the magnetic 
bearing in size, shape, and magnetic field distribution adjacent to the 
superconducting element; 

cooling\the superconducting element to below a transition 

temperature; 

removing the charging magnet; 

positioning\ the magnetic bearing in the vessel over the 
superconducting element. 



119. The method according to claim 118, further including spacing 
the charging magnet a preselected distance from the superconducting element 
during cooling, whereby the preselected distance corresponds to the levitation 
height of the magnetic bearing 

120. The method adcordiAg to claim 1 1 8, further including removing 
the magnetic bearing, warming the superconducting element to above the 
transition temperature, positioning \a different charging magnet over the 
superconducting element, cooling the\superconducting element to below the 
transition temperature, and positioning a different magnetic bearing 
corresponding in size, shape, and magnetic field distribution to the different 
charging magnet over the superconducting element. 




1 



A method of levitating and rotating a magnetic bearing in a fluid 
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containing vessel, comprising: 

placing\a magnetic bearing having at least one chamber 
containing a substance\that is lighter than the fluid held in the vessel; 

levitating the magnetic bearing above a superconducting element 
5 positioned in an evacuatexi or insulated chamber adjacent to the vessel and 
thermally linked to a separate cooling source; and 

rotating the magnetic bearing in the vessel, 

whereby the substance in the chamber assists in levitating the 
magnetic bearing in the fluid. 

method of ensurinW/ihat a levitating magnetic bearing for 
pumping or mixing a fluid corresponds to an adjacent pumping or mixing 
system, comprising: 

providing a transmitter on or adjacent to one of the magnetic 
5 bearing or the pumping or mixing system for transmitting a signal; 

providing a receiver on or adjacent to the opposite of the 
magnetic bearing or the pumping or mixing system for receiving the signal 
generated by the transmitter; 

preventing the operation of the system until the signal is received 
10 by the receiver. 




123. A method^of levitating and rotating a magnetic bearing for 
dumping or mixing a fluid in a vessel, comprising: 
J placing the magnetic bearing in the vessel; 
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levitating the magnetic bearing above a superconducting element 
positioned in an evacuated or insulated chamber adjacent to the vessel and 
thermally linked to a Separate cooling source; 

rotating the magnetic bearing in the vessel; 

moving the\superconducting element relative to the vessel, 

whereby the rotating magnetic bearing follows the movement of 
the superconducting elementyto ensure that effective, non-localized pumping 
or mixing action is provided. \ 

1 24 . The method according to claim 123, wherein the step of rotating 
the magnetic bearing includes rotating the superconducting element, and 
wherein the step of moving the superconducting element includes moving the 
superconducting element to and fro relative to the vessel in a linear fashion. 



